Brain stimulation Motor system activation tDCS Consciousness Effects of tDCS on human consciousness Phenomenology Mentation reports Quantitative linguistic analysis Motor agency analysis a b s t r a c t This study investigates if anodal transcranial direct current stimulation (tDCS) of areas above the motor cortex (C3) influences the quantity and quality of spontaneous motor imagery experienced in REM sleep. A randomized triple-blinded design was used, combining neurophysiological techniques with a tool of quantitative mentation report analysis developed from cognitive linguistics and generative grammar. The results indicate that more motor imagery, and more athletic motor imagery, is induced by anodal tDCS in comparison to cathodal and sham tDCS. This insight may have implications beyond basic consciousness research. Motor imagery in REM sleep has been hypothesized to serve the rehearsal of motor movements, which benefits later motor performance. Electrophysiological manipulations of motor imagery in REM sleep could in the long run be used for rehabilitative tDCS protocols benefitting temporarily immobile clinical patients, especially those who cannot perform specific motor imagery tasks -such as dementia patients, infants with developmental and motor disorders, and coma patients.
Introduction
This study investigates if the potentially beneficial motor imagery of rapid eye movement (REM) sleep can be further increased by manipulating motor cortical excitability through transcranial direct current stimulation (tDCS). This could in the long run help the clinical treatment of motor system disorders.
REM sleep exhibits high activation of several motor regions, including primary motor and premotor cortices, the cerebellum, and basal ganglia (Braun et al., 1997; Hobson and Pace-Schott, 2002; Maquet et al., 2000) . This motor area activation is remarkable given that sleepers normally lie motionless in bed, and are mostly prevented from acting out any motor movements by inputoutput gating mechanisms in the brain stem (Pompeiano, 1967; Hobson, 1994; Hobson et al., 1998) . It is assumed that the high motor system activation of REM sleep is converted into imaginative rather than actual movement, and indeed strong motor imagery has been shown to be typical for REM sleep (Hobson, 2009; Porte and Hobson, 1996; Speth et al., 2013; Speth and Speth, 2016) . The strong motor imagery of REM sleep has been proposed to be more than a byproduct of physiology, serving motor development and the rehearsal of motor movements for corresponding real situations even if the rehearsed situations are not remembered as such (Hobson and Stickgold, 1994, 2009; Hobson et al., 2000; Revonsuo, 2000a Revonsuo, , 2000b Valli and Revonsuo, 2009) . Direct empirical evidence of the role of REM sleep for the consolidation of motor skills has been proposed, and is still being debated (Genzel et al., 2009; Rasch et al., 2009; Wamsley et al., 2010) .
The spontaneous motor simulations of REM sleep may thus hold a special role even compared to waking motor imagery, which itself is increasingly recognized as a crucial component of the motor system, and a back door to enhancing motor performance after impairment, usually via task-designs (Abbruzzese et al., 1999; Bonnet et al., 1997; Decety, 1996; Fadiga et al., 1999; Jackson et al., 2001; Jeannerod, 1995 Jeannerod, , 2001 Kober et al., 2014 : Lehéricy et al., 2004 Porro et al., 1996; Schnitzler et al., 1997; Sharma et al., 2006; Yoo et al., 2008) . Note for example that motor control has been shown to be temporarily restored during REM sleep in Parkinson's patients who also exhibit REM sleep behaviour disorder (RBD; De Cock et al., 2007) . RBD is a condition where motor movements are not output-gated, and motor imagery is therefore realized during sleep (Desseilles et al., 2011; Oudiette et al., 2009) .
The stimulation technique used in the current study to enhance motor-cortical activity, tDCS, is non-invasive, has limited side effects, and is experienced as more comfortable and less irritating by participants than other brain-stimulation techniques. The excitability of the motor cortex has been shown to be increasable via 
